Introduction
============

As a common clinical complication during pregnancy that threatens maternal and fetal health, pregnancy-induced hypertension syndrome, referred to as pregnancy-induced hypertension (PIH), is one of high risk factors for death in pregnant women ([@b1-etm-0-0-7286]). The patients with PIH are mainly characterized by systemic small vasospasm that results in multiple organ damage throughout the body ([@b2-etm-0-0-7286]), and causes abnormal maternal uterine placenta function in pregnant women and thereby fetal hypoxia. As a result, the possibility of neonatal death is increased ([@b3-etm-0-0-7286]). PIH complicated with heart failure refers to the symptoms of myocardial damage in pregnant women with PIH. Heart failure, a severe complication of PIH and an important factor causing death in pregnant women, seriously threatens the safety of the pregnant woman and the fetus ([@b4-etm-0-0-7286]). At present, there are few biomarkers for the diagnosis and confirmation of PIH complicated with heart failure in clinical practice. This leads to the delayed and unclear diagnosis of the disease, delays the optimal treatment opportunity and endangers both the maternal and fetal life.

microRNA (miR) is a non-coding, single-stranded small RNA molecule, and has been considered to be involved in the occurrence of cardiovascular diseases ([@b5-etm-0-0-7286]). Currently, miR is widely used in the marker examination of malignant tumors ([@b6-etm-0-0-7286]), which is also manifested in blood according to a study as science and technology and scientific research levels continue to improve ([@b7-etm-0-0-7286]). miR-21, which plays an important role in the development of the cardiovascular system and the occurrence of diseases, is abnormally expressed in PIH complicated with heart failure, so it is expected to be a biomarker for the disease ([@b8-etm-0-0-7286]). A study has confirmed ([@b9-etm-0-0-7286]) that miR-21 is significantly differentially expressed in the serum of patients with heart failure and healthy individuals.

B-type natriuretic peptide (BNP) is a neurohormone secreted when the ventricular volume is enlarged and the pressure is overloaded ([@b10-etm-0-0-7286]). It is widely distributed in the tissues of heart, brain, spinal cord and lung, of which the content is highest in the heart. BNP has high sensitivity and specificity to the heart, and is not affected by subjective factors. In recent years, with continuous studies of its expression and role in heart diseases, BNP has been found to play an important role in evaluating heart failure ([@b11-etm-0-0-7286]). The study by McMurray *et al* ([@b12-etm-0-0-7286]) shows that BNP accurately reflects the degree of heart failure.

At present, there are few studies on the correlation of miR-21 and BNP with PIH complicated with heart failure and their diagnostic values. Therefore, in the present study, miR-21 and BNP expression levels in the plasma of patients were compared between the PIH group and the PIH complicated with the heart failure group, to evaluate the diagnostic values of miR-21 and BNP for PIH complicated with heart failure, in order to provide a basis for the early diagnosis and treatment of the disease.

Patients and methods
====================

### General information

Sixty patients with PIH complicated with heart failure admitted to Affiliated Hospital of Chengde Medical University (Chengde, China) from July 2016 to July 2017 were enrolled as the experimental group and divided into three grades based on the NYHA cardiac function classification ([@b13-etm-0-0-7286]). Cardiac function is generally divided into four grades, but heart failure into three grades by NYHA. Heart failure classification is slightly supplemented according to the NYHA classification. Fifty-two patients had a gestational week of ≤37 weeks and 8 patients had a gestational week of \>37 weeks, with an average gestational week of 36.7±2.2 weeks. There were 18 patients in grade II, the daily physical activity of patients with heart disease is slightly restricted. Patients have no subjective symptoms when having a rest, but they have fatigue, palpitation and dyspnea or angina pectoris when carrying out normal activities, aged 23--35 years, with an average age of 27.15±2.2 years. There were 22 patients in grade III, the physical activity of patients with heart disease is obviously restricted, and patients have fatigue, palpitation, dyspnea or angina pectoris when carrying out slight activities, aged 23--36 years, with an average age of 28.7±3.5 years. There were 20 patients in grade IV, patients with heart disease have severe heart failure symptoms and are unable to engage in any physical activity. When having a rest, they have heart failure symptoms that are significantly aggravated after physical activities, aged 24--38 years, with an average age of 30.4±7.1 years. Thirty-five normal pregnant women were enrolled as the control group, aged 21--34 years, with an average age of 25.8±4.3 years. Patients with PIH complicated heart failure were in line with the diagnostic criteria for hypertensive heart failure during pregnancy ([@b14-etm-0-0-7286]).

### Inclusion and exclusion criteria

The inclusion criteria were the following: i) Patients without complete left bundle branch block, acute myocardial infarction, pericardial effusion and hypertrophic cardiomyopathy were included; ii) patients without acute and chronic hepatitis, acute and chronic renal failure; iii) patients without pulmonary heart disease, pneumothorax and pulmonary infection; iv) patients who had not taken drugs affecting aldosterone metabolism in the body within 2 weeks; and v) patients without multiple organ failure. The exclusion criteria were the following: i) Patients who recently had acute myocardial infarction or recent acute myocarditis were excluded; ii) patients with acute and chronic infections; iii) patients with hyperthyroidism, sepsis, diabetes insipidus and tumors; iv) patients with primary aldosteronism; v) patients with bronchial asthma; and vi) patients with simple gestational hypertension or simple heart failure. The study was approved by the Ethics Committee of Affiliated Hospital of Chengde Medical University. Patients or their families signed a full informed consent form.

Equipment
---------

### Reagents and instruments

RNA extraction kit (Beijing Solarbio Science & Technology Co., Ltd., Beijing, China), spectrophotometer (Shanghai INESA Analytical Instrument Co., Ltd., Shanghai, China), RNA Reverse Transcription kit (Shanghai ShineGene Molecular Biotechnology Co., Ltd., Shanghai, China), Real-Time fluorescence quantification PCR kit (Aidlab Biotechnologies Co., Ltd., Beijing, China), U6 and miR-21 primer sequences (Sangon Biotech Co., Ltd., Shanghai, China), the automatic biochemical analyzer SQChemray240 of the laboratory medicine for the detection of BNP (Shanghai Huanxi Medical Devices Co., Ltd., Shanghai, China).

Methods
-------

### Total RNA extraction and cDNA synthesis

Total RNA was extracted in strict accordance with the instructions of the serum RNA extraction kit. A spectrophotometer was used to detect the optical density (OD), with the reference value of the qualified samples between 1.8 and 2.2. Reverse transcription was performed in accordance with the instructions of the Reverse Transcription kit. The RT reaction solution (20 µl of the reaction system) was prepared as follows: 2 µl of miScript Reverse Transcriptase Mix; 4 µl of 5X miScript HiSpec buffer; 5 µl of RNase-free water; 2 µl of 10X miScript Nucleics Mix; 7 µl of Template RNA (2 µg of RNA content per reaction system, the RNA required was calculated based on the RNA concentration extracted, and RNase-free water was used to make up to 7 µl). Reaction conditions were as follows: at 16°C for 30 min, at 42°C for 30 min and at 75°C for 15 min. After the reverse transcription, cDNA was placed in a refrigerator at −20°C for later use.

### Reverse transcription-quantitative polymerase chain reaction (RT-qPCR)

With U6 as an internal reference gene, the reaction system was 20.00 µl: each 0.5 µl of positive and negative primers ([Table I](#tI-etm-0-0-7286){ref-type="table"}), 1.0 µl of cDNA product, 10 µl of 2X miR qPCR Mix, and DEPC were used to make up to 20 µl. Amplification conditions were: at 94°C for 3 min, at 94°C for 35 sec, at 60°C for 35 sec, and at 72°C for 60 sec, for a total of 40 cycles. The cycle number Cq value was obtained from the qPCR curve, and 2^−ΔCq^ was used to calculate the miR-21 expression ([@b15-etm-0-0-7286]).

The automatic biochemical analyzer SQChemray240 of the laboratory medicine and supporting reagents were used to determine BNP with spectrophotometry in strict accordance with the instructions.

### Statistical analysis

SPSS 17.0 (Keruanwang Technology Co., Ltd., Tianjin, China) statistical software was used for the statistical analysis of the research data. The t-test was used for the comparison between the two groups, and analysis of variance (ANOVA) and Least Significant Difference test was used for comparison among multiple groups. Measurement data were expressed as mean ± standard deviation (mean ± SD), and count data were expressed as rate (%), tested by χ^2^ test. Logistic univariate and multivariate regression analysis were used for disease risk factors, Spearmans correlation analysis for correlation and ROC curve for judging the predictive value and cut-point of indicators. P\<0.05 indicates a statistically significant difference.

Results
=======

### General information

There were no significant differences in age, ethnicity, height, body weight, history of diabetes mellitus, smoking and drinking between the experimental group and the control group (P\<0.05), but there were differences in hypoproteinemia, blood pressure, six-minute walk test (6MWT), left ventricular ejection fraction (LVEF) and left ventricular end diastolic diameter (LVEDD) (P\>0.05) ([Table II](#tII-etm-0-0-7286){ref-type="table"}).

### miR-21 expression level in the two groups of patients

The miR-21 expression level in the experimental group was 1.553±0.513 in grade II, 1.654±0.493 in grade III and 1.948±0.651 in grade IV, and that in the control group was 0.927±0.231. The miR-21 expression level in the control group was compared with that in grades II, III and IV in the experimental group, all P\<0.05; that in grade II was compared with that in grade III, P\>0.05; that in grade III was compared with that in grade IV, P\<0.05; that in grade II was compared with that in grade IV, P\<0.05 ([Table III](#tIII-etm-0-0-7286){ref-type="table"}).

### BNP expression level in two groups of patients

BNP expression level in the experimental group was 165.59±82.52 pg/ml in grade II, 786.75±121.99 pg/ml in grade III and 1018.48±109.54 pg/ml in grade IV, and that in the control group was 95.36±34.65 pg/ml. The BNP expression level in the control group was compared with that in grades II, III and IV in the experimental group, all P\<0.05; that in grade II was compared with that in grade III, P\<0.05; that in grade III was compared with that in grade IV, P\<0.05; that in grade II was compared with that in grade IV, P\<0.05 ([Table IV](#tIV-etm-0-0-7286){ref-type="table"}).

### ROC curve for evaluation of diagnostic value

By ROC curve fitting, in the diagnosis of PIH complicated with heart failure, the odds ratio (OR) of miR-21 was 1.113, the sensitivity was 88.53% and the specificity was 88.33%, with an area under curve (AUC) of 0.889 and a 95% CI of 82.05--95.76%; the OR of BNP was 123, the sensitivity was 88.57% and the specificity was 63.33%, with an AUC of 0.747 and a 95% CI of 64.95--84.38% ([Fig. 1](#f1-etm-0-0-7286){ref-type="fig"} and [Table V](#tV-etm-0-0-7286){ref-type="table"}).

### Correlation analysis of miR-21 expression with BNP in PIH complicated with heart failure

The plasma miR-21 expression was positively correlated with BNP in patients with PIH complicated with heart failure (r=0.685, P\<0.001) ([Fig. 2](#f2-etm-0-0-7286){ref-type="fig"}).

### Analysis of risk factors for PIH complicated with heart failure

Logistic univariate analysis on risk factors for PIH complicated with heart failure showed that the blood pressure (P=0.018), 6MWT (P=0.006), LVEF (0.027) and LVEDD (0.036) of patients were correlated with PIH complicated with heart failure ([Table VI](#tVI-etm-0-0-7286){ref-type="table"}). To control the influence of confounding factors on this outcome, logistic multivariate analysis was used on risk factors for PIH complicated with heart failure. The results showed that blood pressure (OR, 3.045; 95% CI, 0.935--11.442), 6MWT (OR, 9.547; 95% CI, 4.671--13.072), LVEF (OR, 8.665; 95% CI, 5.728--15.569) and LVEDD (OR, 8.665; 95% CI, 5.728--15.569) were independent risk factors for the disease ([Table VII](#tVII-etm-0-0-7286){ref-type="table"}).

Discussion
==========

Pregnancy-induced hypertension (PIH) complicated with heart failure is a common disease during pregnancy and characterized by no history of hypertension and heart-related diseases before pregnancy. Heart failure that is complicated with PIH, is mainly characterized by myocardial injury, which is a heart failure syndrome and the second cause of pregnant and maternal death ([@b16-etm-0-0-7286]). The main manifestation of such heart failure is arteriolar spasm, mainly systemic symptoms, resulting in the ischemia and hypoxia of the tissues and organs of the human body, and thereby myocardial ischemia and injury and an increase in cardiac load. Severe PIH easily cause this disease that leads to fetal distress, intrauterine growth retardation, fetal death and neonatal or maternal death ([@b17-etm-0-0-7286]).

At present, there is no precise factor or technical means for the early diagnosis of PIH complicated with heart failure. Kumarswamy *et al* ([@b18-etm-0-0-7286]) have pointed out that the miR-2 expression level in the plasma of patients with heart failure is significantly higher than that in the normal individuals. Berger *et al* ([@b19-etm-0-0-7286]) suggested that the BNP expression level in the plasma of patients with heart failure is significantly higher than that in the normal individuals, which is important for diagnosing and classifying heart failure. Du *et al* ([@b20-etm-0-0-7286]) also proposed that the BNP expression level in patients with PIH is significantly increased, with a diagnostic value. In the historical literature search, there are few studies on the correlation of miR-21 and BNP with PIH complicated with heart failure and their diagnostic values, which were detected and analyzed in the present study for clarification.

The present study found that the miR-21 expression level in patients with PIH complicated with heart failure was higher than that in the normal individuals, and increased in line with with the increase in the heart failure grade. When the human heart load is increased, the miR-21 expression level is also increased, which stimulates and activates the genetic program for cardiac fibrosis, and then fibrotic changes take place in myocardial cells that lose normal physiological functions ([@b21-etm-0-0-7286]). The study by Wu *et al* ([@b22-etm-0-0-7286]) also confirmed that miR-21 regulates and activates multiple factor signaling pathways, the expression level of which is significantly upregulated in cardiac fibroblasts of heart failure, and the signal transduction pathway of ERK-MAP kinase is thus enhanced, which causes the proliferation and fibrosis of cardiac fibroblasts. Adams *et al* ([@b11-etm-0-0-7286]) and Stokes *et al* ([@b23-etm-0-0-7286]) proposed in their studies that BNP expression in patients with heart failure is higher than that in normal individuals. This study showed that the BNP expression level in patients with PIH complicated with heart failure was significantly higher than that in normal individuals, which was significantly higher with the increase in heart failure grade. BNP is a peptide neurohormone mainly secreted by ventricular muscle cells. It is currently believed that the cardiac volume load is increased during heart failure, and acute decompensated high wall pressure in patients leads to a significant increase in the BNP expression level. This is consistent with the views of Kovács *et al* ([@b24-etm-0-0-7286]). The ROC curve was used for judging the predictive value and cut-point of indicators. The results showed that the OR of miR-21 was 1.113, the sensitivity was 88.53%, and the specificity was 88.33%, with an AUC of 0.889 and a 95% CI of 82.05--95.76%; the OR of BNP was 123, the sensitivity was 88.57%, and the specificity was 63.33%, with an AUC of 0.747 and a 95% CI of 64.95--84.38%. It is indicated that miR-21 and BNP have higher diagnostic values for PIH complicated with heart failure. Cavagna *et al* ([@b25-etm-0-0-7286]) and Cengiz *et al* ([@b26-etm-0-0-7286]), respectively pointed out that miR-21 and BNP have higher diagnostic values for PIH complicated with heart failure. This study also found that expression of miR-21 and BNP in patients with PIH complicated with heart failure was increased in line with the heart failure grade. The correlation analysis of miR-21 and BNP with PIH complicated with heart failure showed that miR-21 and BNP were positively correlated with PIH complicated with heart failure (r=0.685, P\<0.001). In the present study, risk factors for the prognosis of PIH complicated with heart failure were also analyzed. The results showed that blood pressure, 6MWT, LVEF and LVEDD were independent risk factors for the disease, consistent with the views of Chambela *et al* ([@b27-etm-0-0-7286]).

Study subjects were screened in strict accordance with the inclusion and exclusion criteria in this investigation, and there were no differences between the experimental and control groups in terms of sex, age and lifestyle, which improve the authenticity and reliability of this study. In addition to detecting the miR-21 and BNP expression levels in patients with PIH complicated with heart failure, independent risk factors for this disease were also found. All-round observations and statistics, as well as the results were proven by the data, reflecting the rigor of this experiment. The experimental research is to extend the results obtained to a larger overall, so as to contribute to understanding the group and society. However, due to limited medical resources in Affiliated Hospital of Chengde Medical University, the number of enrolled patients is insufficient, so the results may lack extensive representation, and a future confirmation study is necessary.

In summary, miR-21 and BNP, highly expressed in patients with PIH complicated with heart failure, are expected to become important biomarkers for diagnosing PIH complicated with heart failure and judging the degree of heart failure in the patients, and worthy of clinical popularization and application.
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###### 

Primer sequences.

  Genes                   Upstream primers              Downstream primers
  ----------------------- ----------------------------- ----------------------------
  U6 internal reference   5-ATTGGAACGATACAGAGAAGATT-3   5-GGAACGCTTCACGAATTTG-3
  miR-21                  5-ACGTTGTGTAGCTTATCAGACTG-3   5-AATGGTTGTTCTCCACACTCTC-3

###### 

Basic information of the experimental and control groups \[n, (%)\].

  Basic information              Experimental group (n=60)   Control group (n=35)   t/χ^2^   P-value
  ------------------------------ --------------------------- ---------------------- -------- ---------
  Age (years)                                                                       0.513    0.473
    \<30                         28 (46.67)                  19 (54.29)                      
    ≥30                          32 (53.33)                  16 (45.71)                      
  Ethnicity                                                                         0.118    0.732
    Han                          56 (93.33)                  32 (91.43)                      
    Others                       4 (6.67)                    3 (8.57)                        
  Height (cm)                                                                       0.085    0.771
    \<163                        31 (51.67)                  17 (48.57)                      
    ≥163                         29 (48.33)                  18 (51.43)                      
  Body weight (kg)                                                                  1.688    0.194
    \<50                         34 (56.67)                  15 (42.86)                      
    ≥50                          26 (43.33)                  20 (57.14)                      
  Hypoproteinemia                                                                   4.231    0.040
    Yes                          13 (21.67)                  2 (5.71)                        
    No                           47 (78.33)                  33 (94.29)                      
  Anemia                                                                            4.117    0.042
    Yes                          10 (16.67)                  1 (2.86)                        
    No                           50 (83.33)                  34 (97.14)                      
  History of diabetes mellitus                                                      0.073    0.788
    Yes                          8 (13.33)                   4 (11.43)                       
    No                           52 (86.67)                  31 (88.57)                      
  Smoking                                                                           0.002    0.968
    Yes                          5 (8.33)                    3 (8.57)                        
    No                           55 (91.67)                  32 (91.43)                      
  Drinking                                                                          0.137    0.711
    Yes                          7 (11.67)                   5 (14.29)                       
    No                           53 (88.33)                  30 (85.71)                      
  Blood pressure (mmHg)                                                                      
    Systolic pressure            159.78±18.32                123.71±11.34           10.520   \<0.001
    Diastolic pressure           107.72±2.67                 86.45±15.28            10.550   \<0.001
  6MWT (m)                       298.56±70.93                526.79±102.61          12.79    \<0.001
  LVEF (%)                       40.26±17.54                 59.67±12.43            5.735    \<0.001
  LVEDD (mm)                     62±6.39                     53.01±1.21             8.220    \<0.001

6MWT, six-minute walk test; LVEF, left ventricular ejection fraction; LVEDD, left ventricular end diastolic diameter.

###### 

miR-21 expression level in two groups of patients.

  Groups               n    miR-21
  -------------------- ---- -----------------------------------------------------------------------------------------------------------------------------------------------------
  Experimental group        
    Grade II           18   1.553±0.513^[a](#tfn2-etm-0-0-7286){ref-type="table-fn"}^
    Grade III          22   1.654±0.493^[a](#tfn2-etm-0-0-7286){ref-type="table-fn"},[c](#tfn4-etm-0-0-7286){ref-type="table-fn"}^
    Grade IV           20   1.948±0.651^[a](#tfn2-etm-0-0-7286){ref-type="table-fn"},[b](#tfn3-etm-0-0-7286){ref-type="table-fn"},[d](#tfn5-etm-0-0-7286){ref-type="table-fn"}^
  Control group        35   0.927±0.231
  F                    --   79.546
  P-value              --   \<0.001

P\<0.05 compared with the control group

P\<0.05

P\>0.05 compared with grade II in the experimental group

P\<0.05 compared with grade III in the experimental group.

###### 

BNP expression level in two groups of patients (pg/ml).

  Groups               n    BNP
  -------------------- ---- ------------------------------------------------------------------------------------------------------------
  Experimental group        
    Grade II           18   165.59±82.52^[a](#tfn6-etm-0-0-7286){ref-type="table-fn"}^
    Grade III          22   786.75±121.99^[a](#tfn6-etm-0-0-7286){ref-type="table-fn"},[b](#tfn7-etm-0-0-7286){ref-type="table-fn"}^
    Grade IV           10   1018.48±109.54^[a](#tfn6-etm-0-0-7286){ref-type="table-fn"}--[c](#tfn8-etm-0-0-7286){ref-type="table-fn"}^
  Control group        35   95.36±34.65
  F                    --   46.670
  P-value              --   \<0.001

P\<0.05 compared with the control group

P\<0.05 compared with grade II in the experimental group

P\<0.05 compared with grade III in the experimental group. BNP, B-type natriuretic peptide.

###### 

Diagnostic value of miR-21 and BNP for PIH complicated with heart failure.

  Items    AUC     OR      95% CI (%)     P-value   Specificity (%)   Sensitivity (%)
  -------- ------- ------- -------------- --------- ----------------- -----------------
  miR-21   0.889   1.113   82.05--95.76   \<0.001   85.71             88.33
  BNP      0.747   123     64.95--84.38   \<0.001   62.85             88.33

BNP, B-type natriuretic peptide; PIH, pregnancy-induced hypertension; AUC, area under curve; OR, odds ratio; CI, confidence interval.

###### 

Logistic univariate analysis of risk factors for PIH complicated with heart failure.

  Clinical parameters   Coefficient   Standard error   Wald value   P-value   OR value   95% CI
  --------------------- ------------- ---------------- ------------ --------- ---------- ---------------
  Blood pressure        0.302         0.117            10.157       0.001     4.528      1.478--8.537
  6MWT                  1.132         0.500            3.467        0.046     3.101      0.897--10.077
  Hypoproteinemia       1.132         0.500            3.467        0.056     3.101      0.897--10.077
  LVEF                  1.431         0.495            6.491        0.043     4.485      1.471--11.436
  Anemia                0.302         0.117            5.157        0.061     3.528      1.478--8.537
  LVEDD                 1.041         0.576            3.465        0.004     3.045      0.935--11.442

PIH, pregnancy-induced hypertension; OR, odds ratio; CI, confidence interval; 6MWT, six-minute walk test; LVEF, left ventricular ejection fraction; LVEDD, left ventricular end diastolic diameter.

###### 

Logistic multivariate analysis of risk factors for PIH complicated with heart failure.

  Clinical parameters   Coefficient   Standard error   Wald value   P-value   OR value   95% CI
  --------------------- ------------- ---------------- ------------ --------- ---------- ---------------
  Blood pressure        0.302         0.117            10.157       0.001     4.528      1.478--8.537
  6MWT                  1.431         0.495            6.491        0.001     4.485      1.471--11.436
  LVEF                  1.041         0.576            3.465        0.001     3.045      0.935--11.442
  LVEDD                 1.954         0.392            20.329       0.001     9.547      4.671--13.072

PIH, pregnancy-induced hypertension; OR, odds ratio; CI, confidence interval; 6MWT, six-minute walk test; LVEF, left ventricular ejection fraction; LVEDD, left ventricular end diastolic diameter.
